To assess the efficacy of three-dimensional CT angiography (3D-CTA) using multi-detector row computed tomography (MDCT) in the evaluation of intracranial aneurysms in patients with non-traumatic acute subarachnoid hemorrhage and to describe those aneurysms which were not found 3D-CTA. Materials and Methods: 3D-CTA was done in 40 patients with non-traumatic subarachnoid hemorrhage by using a 16-slice MDCT; conventional digital subtraction angiography (DSA) was done in 36 of those patients within 12 hours. The CT and DSA images were reviewed by two radiologists and the site, size and neck of the aneurysms were evaluated. The results from these two modalities were then compared with the operative findings. We calculated the detection rates by 3D-CTA and DSA and evaluated the size differences of aneurysms dignosed with 3D-CTA and those found at surgery. We also analyzed the locations and sizes of aneurysms missed by 3D-CTA and attempted to explain these false negatives. Results: A total of 55 aneurysms were surgically confirmed in 40 patients. 48 of these were detected pre-operatively by 3D-CTA. Thus, the detection rate by 3D-CTA was 87%. The size difference of aneurysms as calculated by 3-D CTA and found operatively was as follows: less than 1 mm in 17 cases, within 1 2 mm in 15 cases, and more than 2 mm in 16 cases. Seven aneurysms were not detected by 3D-CTA. The major cause of these missed aneurysms was their small size. The undetected aneurysms were less than 2 mm in size, except for 2 instances of PCoA aneurysms. One case was not detected due to difficult image evaluation. A possible explanation of the one remaining missed aneurysm was the filling of the aneurismal sac by thrombosis. Conclusion: Though there were some limitations in the detection of aneurysms, 3D-CTA using 16-channel MDCT may provide sufficient pre-operative information for the management of patients with intracranial aneurysms in cases of emergency operations or DSA-failure.
Ruptured aneurysms are the main cause of subarachnoid hemorrhage, and if left untreated have a high risk of rebleeding after initial hemorrhage, thus mandating early surgical or endovascular treatment.
Though DSA remains the gold standard for detecting intracranial aneurysm, many recent studies of 3D-CTA have demonstrated its clinical usefulness. In comparison to DSA, 3D-CTA is a useful method with some superior qualities for detecting intracranial aneurysms.
Some reports, however, have noted the difficulty in detecting aneurysms in some locations and those of a small size by 3D-CTA using single detector helical CT (1) . However, recent advances in technology have resulted in better spatial resolution and decreased scanning time by using multi-detector row CT, thus increasing the sensitivity for depicting small aneurysms. There have been several reports comparing the sensitivity of 3D-CTA with multi-detector row CT (MDCT) to DSA, but to the authors knowledge, no study has compared the results of 3D-CTA with operative findings of intracranial aneurysms.
The purpose of our study was to assess the utility of 3D-CTA using MDCT in the evaluation of intracranial aneurysms in patients with nontraumatic acute subarachnoid hemorrhage and to analyze the aneurysms which were not found on 3D-CTA.
Materials and Methods
Between December 2002 and July 2003, 40 patients presented with subarachnoid hemorrhage on non-contrast CT scan and were thought to have intracranial aneurysms. These patients then had pre-op 3D-CTA evaluations for the suspected aneurysm. Eleven of these cases were men and twenty-nine of them were women with an age distribution ranging from 27 to 79 years. The mean age was 54 years.
CT was performed with a 16-slice multi-detector row CT (Siemens SOMATOM Sensation, Berlin, Germany). 80 100 ml of nonionic contrast material (Ultravist 300, Schering, Berlin, Germany) was administered intravenously with a power injector at a rate of 4 ml/sec. The bolus tracking method in the common carotid artery at the level of the C3-4 vertebra was used for CT angiography. Scanning was begun at the point of 100 HU from foramen magnum to mid-lateral ventricle level. Parameters for the CTA acquisition were 120 kV, 100 mA, 0.75 mm collimation, 12 mm speed of table, pitch 1, and 200 FOV. The scan time was about 10 seconds.
The 3D-CTA image was obtained from axial source images reconstructed in 1 mm slice thickness by using the volume rendered technique. Angiographic studies were interpreted at a workstation (Syngo; Siemens Medical Systems, Erlangen, Germany) by using volume rendering in several planes. Image reconstructions were done by one neuroradiologist.
DSA was done on 36 patients within 12 hours after or before 3D-CTA. Operations were performed on 4 patients without DSA. In 2 patients, DSA failed as a result of vascular tortuousity. 2 patients underwent emergency operations without DSA because of rebleeding. DSA was performed using a Philips Integris C-2000 (Philips, Eindhoven, Netherlands) with a matrix of 512 512 pixels. Bilateral selective carotid angiograms and unilateral/ bilateral vertebral angiograms were obtained in the anterior, lateral and oblique projections.
One neuroradiologist and one radiologist interpreted by consensus 40 CT scans and 3D-CTA and 36 DSA, and evaluated the size, location and neck of the aneurysms. The readers traced the course of large vessels and categorized the site of aneurysms as being in the anterior cerebral artery (ACA), the anterior communicating artery (ACoA), the middle cerebral artery (MCA) and its bifurcating sites, the posterior communicating artery (PCoA), the tip of the basilar artery, the vertebral artery (VA), the posterior inferior cerebellar artery (PICA) or the anterior choroidal artery (AChA). The size of the aneurysms was measured in spherical minimal and maximal diameters, and the necks were evaluated as to whether they were visible or not. The site and the size of the aneurysm and the aneurysmal neck were described for each aneurysm. The time used to interpret each 3D-CTA image was about 5 10 minutes.
The operations were performed by an expert neurosurgeon. Usually unilateral craniotomy was performed if the aneurysm appeared unilateral on imaging , and bilateral craniotomy was performed when imaging suggested bilaterality . The size and the other specifics findings found at surgery were described by location. The aneurysms were clipped, wrapped around or left alone in accordance with the surgeon's decision. After operation, the 3-D CTA findings were compared with the operative findings retrospectively. The differences in the size of aneurysms determined by 3D-CTA findings and at surgery were sorted into three categories; less than 1 mm, between 1 2 mm, and more than 2 mm. In comparison to the operative findings, we calculated the overall detection rate, and evaluated the missed aneurysms on 3D-CTA retrospectively and analyzed their location, size and the possible causes of their having been missed.
Results
Among the total of 40 intracranial subarachnoid hemorrhage patients, 12 patients (30%) were graded I or II on the Hunt and Hess scale for neurological condition, and the other 28 patients (70%) were graded III, IV or V. Operatively, a total of 55 aneurysms were detected in 40 patients. 30 patients had one aneurysm, 6 patients had two aneurysms, 3 patients had 3 aneurysms and only one patient had 4 aneurysms. No other cause of subarachnoid hemorrhage was found.
3-D CTA detected a total of 48 aneurysms in the 40 patients; the detection rate was 87% (48/55). 43 aneurysms were found on DSA in 36 patients (48 aneurysms); the detection rate was 90% (43/48). DSA was not performed on 4 patients; 2 of these because vascular selection by catheter failed due to vascular tortuosity. The two other patients underwent an emergency operation due to rebleeding. We detected all multiple aneurysms in 5 patients with 3D-CTA, and we also detected all aneurysms in 3 patients with DSA. We failed with DSA to detect aneurysms in one of the above 5 patients with multiple aneurysms.
No aneurysm was detected in one patient on either 3D-CTA or DSA images. This aneurysm was too small and wrapped round at operation. Regarding location, the aneurysms were at the ACoA in 13 cases, at the PCoA in 12 cases, at the MCA bifurcating site in 17cas-es, at the AChA in 3 cases, at the distal ICA in 4 cases, and at the basilar tip in 2 cases. In the remaining cases, the aneurysms were located as follows: two at the M2 bifurcation, one at the A3 segment, and one at PICA (Table 1) . Some aneurysms found during operations (2 at the PCoA, 2 at the AChA, 2 at the M2 bifurcation, and 1 at the MCA bifurcation) were not detected on 3-D CTA (Fig. 1) . One MCA bifurcation aneurysm detected by 3D-CTA was misinterpreted as an M1 aneurysm and the others were consistent with the operative findings (Fig. 2) . In these missed aneurysms, one case was a 245 small AChA aneurysm which was proximate to a large PCoM aneurysm and 4 were too small to detect. One large aneurysm was missed due to difficult image analysised note. One small aneurysm was also not detected on DSA, and was thought to be a thrombosed aneurysm (Table 2 ). Using DSA, we missed 6 aneurysms, two at the M2 bifurcation (2 mm, 1 mm), one at AChA (2 mm), one at the MCA bifurcation (2 mm), one at ACoA (3 mm), and one at PCoA (3 mm). In patients with undetected aneurysms, the number not found on both 3D-CTA and DSA was five. Two aneurysms were detected only by DSA and one was detected only by 3D-CTA, which was seen as a focal bulging contour (Fig. 3) .
The neck of the aneurysms was found primarily to be broad or narrow except in one case of a distal ICA (ophthalmic artery) aneurysm on 3D-CTA where the neck was obscured by the density of the skull base and its large size. 3D-CTA image shows three aneurysms; the first one is at the ACoA (short white arrow), the second one is at the left MCA bifurcation (long white arrow), the last one is at the right MCA bifurcation (black arrow). DSA was not performed on this patient due to the failure of vascular selection by catheter. Sizes of the aneurysms were analyzed in each of three modalities (Table 3) . Size difference between operative findings and 3D-CTA was less than 1 mm in 17 cases, 1 2 mm in 15 cases and more than 2 mm in 16 cases. In each case of an undetected aneurysm on 3D-CTA, the size of the aneurysm was less than 2 mm except for 2 cases of PCoA aneurysms. One of these exceptions measured about 2 3 mm at surgery, and this aneurysm was also not found on DSA. The other case which was identified on DSA was visualized as a suspicious sacular lesion on 3D-CTA in the retrospective review and was measured at about 5 7 mm at the time of operation.
Discussion
Many studies have been performed using single detector spiral CT scans for detection of intracranial aneurysms. Excellent results have been achieved using 3D-CTA for the preoperative detection of aneurysms when compared to DSA (1 4), but there is insufficient experience with 3D-CTA to replace DSA in preoperative diagnosis and for the surgical plane determination of aneurysms. DSA remains the gold standard (5). DSA, which has been considered the primary preoperative diagnostic modality, has several disadvantages including invasiveness requiring intra-arterial manipulation and post-procedure complications (6, 7) .
Compared with DSA, 3D-CTA is appealing because of its noninvasiveness and conservation of time and cost. Furthermore, patients can be evaluated immediately after a diagnosis of subarachnoid hemorrhage. Additionally, multi-slice technology, using MDCT, has been developed for higher image resolution and thinner slice sections in a shorter scanning time. It provides more definable images by reducing motion artifact and reconstruction with thin sections.
There are several limitations in detecting aneurysms by 3D-CTA. The primary one is location. Detection of aneurysms located near the skull base and surrounded by bone is difficult on 3D-CTA (1, 8) . Especially, small PCoA aneurysms and distal ICA aneurysms were difficult to demonstrate due to their proximity to the skull base. The problem of overlapping bone density, though, can be overcome by adjusting the window and level settings during image interpretation in multiple planes (2) and systematic review of all extradural locations for possible skull base lesions using 2D-multiplanar reformatted images or the subtraction method (9, 10) .
In our study, 3D-CTA failed to detect seven aneurysms which were less than 2 mm in size and PcoA aneurysms. Those aneurysms were located as follows: two at the AChA, two at the PCoA, two at the second division of the MCA, and one at the bifurcation of the MCA. A large aneurysm located near the skull base was obscured by bone density; it was impossible to delineate the site of its origin in our study. We could not define the neck of a large ophthalmic artery aneurysm due to obscuration by the skull base density.
Some reports have shown the superiority of 3D-CTA for detecting aneurysms as small as 2 3 mm in diameter (1, 6, 11) . In a study by Korogi Y et al (1) , the highest sensitivity was 71% for aneurysms smaller than 3 mm and 94% for aneuryems 3 5 mm in diameter. In a study by Villablanca JP et al (9) , sensitivity for a small aneurysm less than 5 mm ranged from 98% to 100%, and specificity was 100%. But other studies demonstrated that 3D-CTA with single-slice technology exhibited lower sensitivity and specificity, as compared to DSA, for aneurysms of less than 3 mm (2 4, 8, 9, 12). Kangasniemi M et al (12) conducted a study of 179 patients who underwent CTA followed by surgery (59 aneurysms) and DSA or DSA and surgery. Of 178 verified aneurysms, CTA failed to detect 7 aneurysms 1 to 2 mm in size that were detected on DSA. So although MD-CT CTA can detect very small aneurysms, DSA has proved to be more accurate in the identification of such small aneurysms. Also DSA may more accurately reveal the small arteries branching from infundibular enlargements (11) .
In our study, there were ten cases of small sized aneurysms measuring less than 3 mm at surgery ; 5 of these were found on 3D-CTA images. The remaining 5 were missed on 3D-CTA images. The detection rate of an aneurysm less than 3 mm was 50%.
3D-CTA did not detect five small aneurysms less than 2 mm in diameter, and four of these were also missed on DSA.
Therefore, the MDCT technology does not improve CTA to the point where it surpasses DSA in the detection of small aneurysms less than 2 mm. In one case of a PcoA aneurysm that was not detected on either 3D-CTA or DSA images, we postulate that the cause of non-visualization of the aneurysm was opacification of the aneurysmal sac by thrombus; however, the operative report did not address this issue.
Another limitation in detection of aneurysms by 3D-CTA is image contamination by venous phase (6). In some cases, early venous pooling was detected simultaneously with the arterial phase, so image analysis interference occurred.
It has been reported that there are some limitations in the resolution of 3D-CTA. Some arteries of small caliber were not visualized on 3D-CTA (13 15) . This could cause a mistake in locating the aneurysm. Kurokawa Y et al (16) mentioned that the clear demonstration of small arteries by CTA is a great help in accurate diagnosis and in obtaining an excellent surgical cure and has established a routine protocol of imaging using large amounts of the contrast medium with a high iodine concentration to specifically search for small arteries. However, the administration of iodinated agents with a relatively large bolus technique is potentially hazardous (17) . Iodinated contrast agents must be used with caution in patients with serious risk factors; such as renal insufficiency, congestive heart failure and hypersensitivity to contrast material.
As has been previously reported, we also could not delineate some small arteries in all cases. The distal ICA branching arteries such as the ophthalmic artery, anterior choroidal artery, and M2 segment artery were not clearly defined, so the localization of the aneurysms was difficult in these cases. The MCA bifurcation aneurysm was mistaken for an aneurysm at the M1 segment because we missed one branch of the bifurcating artery that was not clearly visualized.
There is a large inter-observer difference in 3D-CTA interpretation compared with DSA interpretation; vast experience is required in the reconstruction of 3D images using a workstation and in the interpretation of the images (9) . In our study, this inter-observer difference was not analyzed.
In conclusion, 3D-CTA is a useful noninvasive pre-operative technique to define the location, the size and the neck in the evaluation of aneurysms in patients with subarachnoid hemorrhage. There are some limitations of 3D-CTA in the detection of aneurysms smaller than 2 mm, in defining the small vessels, and in identifying aneurysms located at the skull base. Results are operator-dependent, but the technique also offers several advantages. It has a relatively high detection rate and is a time conserving method in emergent patients. Thus, 3D-CTA may provide sufficient preoperative information for the management of patients with intracranial aneurysms in the case of emergency operations or DSAfailure.
